was a common characteristic of most strains. However, pigmentation was a nondiscriminating parameter. Although one-half of the cultures liquefied gelatin, most of them gave similar antibiotic-sensitivity tests, except the six which were penicillinase producers. There was little difference in growth rate for all strains. Comparison of coagulase production to cell size indicated that the hightiter strains were generally larger than the low producers. The foregoing evidence avers that, in addition to lytic spectrum, physiological properties can usefully characterize staphylococcal phage-propagating strains.
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In recent years, the so-called staphylococcal problem has received major attention in medical bacteriology. Investigations of epidemiological aspects of this staphylococcal disease were greatly aided by the introduction in the United States of a technique for the phage typing of these organisms (Blair and Carr, 1953 constantly be exercised for mutation of both the propagating strains and the phages. Each phage exhibits a characteristic lytic spectrum towards other staphylococcal strains of the phage-propagating series. In addition to the fairly uniform lytic pattern as an indicator of constancy, further information to detect possible variation in each propagating strain would be desirable. The purpose of this report is to present some additional physiological characteristics of two series of staphylococcal phage-propagating strains which had been used in a study (Solomon, San Clemente, and Drury, 1961) (Solomon et al., 1961) .
Coagulase determination. Cultures were grown for 5 days in Brain Heart Infusion broth (Difco), and the supernatant fluid was used to determine coagulase production quantitatively by the tube-dilution technique of Tager and Hales (1948) Oxygen uptake. Oxygen uptake per hour in a buffered glucose solution was measured by the conventional Warburg technique (Umbreit, Burris, and Stauffer, 1957) . Cells were subcultured twice in Brain Heart Infusion broth (each time for a 10-hr period), centrifuged, washed with distilled water, and resuspended in water to an OD of 1.0 (650 m,u). The center well of the flask was filled with 0.2 ml of 20 % KOH. The main chamber received 0.5 ml of 0.1 M phosphate buffer and 1.5 ml of the cell suspension. The side arm contained 1.0 ml of 0.2 % glucose. Dry weights were determined by heating 5 ml of the cell suspensions overnight at 80 C.
Antibiotic sensitivity. Broth cultures (18 to 24 hr) were streaked on dried Penassay agar (Difco) plates. After drying the inoculum, unidiscs (Difco) of high, medium, and low concentration were applied to the plates. Results were obtained after overnight incubation.
Minimal inhibitor concentration of penicillin. Serial twofold dilutions of sodium penicillin G were prepared in Penassay Broth, and 0.5 ml of each dilution was dispensed into tubes. The inoculum (0.5 ml) was then added to each tube. The inoculum was prepared by dilution (1: 1,000) of an overnight broth culture in saline followed by dilution (1:10) in Penassay Broth.
Penicillinase. The plate method of Innes (1960) was utilized. Nutrient agar (Difco) was seeded with a penicillinsensitive strain of Staphylococcus aureus and plated. A 1-in. ditch was then cut in the agar; the segment was removed and replaced with agar containing penicillin (10 units per ml). The propagating strains were streaked up to and across the antibiotic-containing agar and the plates incubated overnight. The presence of penicillinase was indicated by the presence of a V-shaped growth of the sensitive strain on the zone of inhibition along the streak of the test strain.
Catalase. Catalase activity was determined by cultivating the strains in nutrient broth contained in Smith fermentation tubes. After 48 hr of incubation, 1 ml of 3 % H202 solution was added to each tube, and the amount of gas in the closed end measured after an additional 1-hr incubation period.
Pigment formation. Pigmentation was assessed on nutrient agar containing 10 % evaporated milk and 0.5 % mannitol (Kooistra and Sellers, 1957) . Plates were incubated at room temperature for 1 week and observed daily.
Hemolysin production. Hemolytic activity against sheep, rabbit, and human red blood cells was determined on agar plates (Elek and Levy, 1950) . The blood agar was streaked from 24-hr broth cultures and incubated for 48 hr at 37 C in an atmosphere of 30 % CO2.
Mannitol fermentation. Phenol Red Broth (Difco) containing 1 % mannitol was inoculated from stock slant cultures. After 24 and 48 hr of incubation, the reaction in the tubes was noted by the indicator color.
Gelatin liquefaction. Nutrient gelatin (Difco) was inoculated from an overnight broth culture of the propagating strains and incubated for 48 hr at 37 C. Liquefaction of the gelatin was then determined after a 1-hr period of refrigeration at 5 C.
RESULTS
Lytic spectrumn. The lytic spectrum of the phages on the propagating strains agreed favorably with results published elsewhere (Blair and Carr, 1960; Seto and Wilson, 1958 strain is indicated in Fig. 1 (Fig. 2) . Strains 55, 42E, 42B, and S1 were essentially negative, and strain 7 gave the highest reading.
Growth curves. The 29 individual growth curves are represented by the 3 curves in Fig. 3 , where OD is plotted r I.0k against time on semilogarithmic paper. The slowest growing strains, denoted by the lowest curve, included strains 3C, S6, 70, 73, 75, and 77, and the most rapid growers, 6, Si, 52A/79, 53, 80, and 81, fall about the top curve. The middle locus exemplifies the growth curves of the remaining strains.
Phosphatase. Phosphatase activity, like coagulase, was found in all the strains except 73; the differences among strains are shown in Fig. 4 . Six of the strains (29, 55, 42B, 81, S2, and 44A) were high producers, with 44A being the a concentration of 0.04 unit/ml or less (Fig. 7) . Six strains were resistant; five of them (80, 54, 75, 77, and 81) grew in the highest concentration of penicillin used in the experiment (20 units/ml), and one, 53, grew at a concentration of 0.3 unit/ml or less.
Catalase. With few exceptions, there was little difference among the strains in their ability to decompose H202 (Fig. 8) Pigmentation varied from white to orange-yellow; colonies of coagulase-negative strain 73, and several low coagulase-producing strains, were yellow. Only two strains (3A and 6) gave the characteristic orange-yellow color of S. aureus. Similarly, hemolytic activity and gelatin liquefaction were highly variable among the cultures. Four of the strains (29, 52, 73, and 75) failed to hemolyze any of the three kinds of erythrocytes used in the study. Less than one-half of the strains were able to liquefy gelatin.
Mannitol was fermented by all the strains except 73, and penicillinase activity was found in the six penicillinresistant strains, 80, 53, 54, 75, 77, and 81 . With the exception of these six strains, the antibiotic sensitivities were very similar. Strain 81 was resistant to all of the antibiotics used, except chloramphenicol.
DISCUSSION
It is apparent from the results that an appreciable X ariability exists among the strains, particularly with regard to some of the qualitative measurements, such as hemolytic activity, pigment formation, and gelatin liquefaction. This was also true of the quantitative measurements, perhaps best exemplified by the wide range in coagulase titers and, to a lesser extent, by phosphatase activity. On the other hand, some of the characteristics always occurred together and others were fairly uniform among certain groups of the propagating strains. Group 1 strains gave high values for oxygen uptake and phosphatase activity but low values for extracellular protein. Pan and Blumenthal (1961) (Lucas and Seeley, 1955; Everall and Stacey, 1956) . Besides lacking this iron-porphyrin system, strain 70 was also slow in rate of oxygen uptake and was one of the slow growers. It gave one of the highest coagulase titers. Other high coagulase producers included strains 6, S1, and S3, while low producers were 29, 52A/79, 3B, 3C, 42B, and S4. The wide variation in coagulase production in which reciprocal titers ranged from almost 0 to 8,192 will require a redefinition of the term "coagulase-positive," since the relative amount of unbound coagulase is ignored. Generally, the high-titer strains were larger in size than the low producers.
Several strains were irregular in their hemolytic pattern; four strains (29, 52, 73, and 75) lysed none of the erythrocytes, and seven strains (53, 44A, S1, S3, S4, S5, and S6) caused hemolysis of all erythrocytes. Strain 44A was also much higher in phosphatase activity than the remaining strains. Finally, six strains (80, 53, 54, 75, 77, and 81) were notably penicillinase-positive. Antibiotic sensitivities were essentially the same for all strains, with the exception of penicillin resistance by the six organisms previously mentioned and additional resistance to the tetracyclines by strain 81.
The results indicate that a number of properties, in addition to the lytic pattern, can be used to characterize the phage-propagating strains of staphylococei. It is hoped that the use of these tests will facilitate the detection of changes in the propagating strains and minimize the danger of using them subsequent to alteration.
